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•  Olive oil production plays a very important role in the 
Mediterranean area; 

•  Olive cultivation systems and olive oil extraction 
techniques changed in recent years with economic, 
environmental and social implications; 

•  Multicriteria Analysis in a Fuzzy contest is applied to the 
different combinations of agricultural and 
industrial scenarios, in order to evaluate innovations 
in the olive oil sector; 

•  Results show that the combination of the traditional 
cultivation system (centuries-old olive orchard) and 
innovative extraction system (de-pitting) appears the 
best solution in absolute. 

A Fuzzy Multicriteria Approach to assess the 
impact of innovations in the olive oil sector:  
 



Introduction 

•  In the Mediterranean countries, the olive tree is 
the main source of vegetable oil for food use.  

•  In the period 2009-2015, the world average 
production of olive oil was about 2.9 million 
tonnes, of which more than 2 million has been 
produced in the European Union, of which 
about 63% in Spain, 20% in Italy and 14% in 
Greece. (The International Olive Oil Council 
2016) 



Introduction 

•  The Farming Systems changed from 
traditional plant systems to those intensive. 

•   Only mechanical technologies are used to 
extract oil from the olives, such as the 
crushing of the olives, pressing and 
centrifugation of the olive paste. 



FARMING SYSTEMS: 
• Centuries-old Olive Orchard (COO) with a 

number of plants per hectares not over 150 
(Pattara et al. 2014).  

• High Density Olive Orchard (HDOO) with over/
about 250 olive trees per hectare (Camposeo et 
al. 2012) 

•  Super High Density Olive Orchard (SHDO) with 
the number of plants at over 1,500 (Rosati et al. 
2013, León et al. 2007) per hectare. 



FARMING SYSTEMS: 



OLIVE OIL EXTRACTION SYSTEMS: 
•  Pressing (discontinuos, traditional and widely 

used yet) 
• Decanter (continuous) 
▫  2 Phases  
▫  3 Phases 

• De-pitted (INNOVATIVE: it derives from a 
patent (Leone 2013) achieved by an Italian Olive 
Oil Mill) 

 



COSTS OF OLIVE OIL EXTRACTION: 



SCENARIOS DEFINITION 



CRITERIA DESCRIPTION 



 
DECISION-MAKERS (DMs) 
 

 
•  DM1 is an expert in agro-food products, with both 

academic and practical skills, olive oil producer and olive 
oil taster; 

•  DM2 has academic skills in prototyping and developing 
innovative machines for food industry, oil producer and 
olive oil taster; 

•  DM3 belongs to the food industry sector, skilled in the 
mechanical aspects of olive oil extraction plants and is 
also owner of an olive oil mill; 

•  DM4 is an expert in agricultural issues with academic 
skills in the cultivation of olive trees, agronomist with 
farming experience in olives cultivation . 



 
The TOPSIS method in a Fuzzy contest 

 
A Triangular fuzzy number is a triple (a,b,c) where a, b 
and c are the smallest, the most promising and the largest 
possible value associated to an event.  
The membership function of the fuzzy triangular number is 
the following: 
 
 



 
The TOPSIS method in a Fuzzy contest 

 
In Triangular Fuzzy Sets the operational laws for 
addition and multiplication are well defined 
together with the definition of distance between 
two triangular fuzzy numbers A=(a,b,c) and 
B=(d,e,f) as follows (Zadeh (1965, 1976) and 
Zimmermann (2001)) :  
 



 
The TOPSIS method in a Fuzzy contest 

 
Each DM has to give an evaluation of the 
importance weights of each criteria by using a list 
of linguistic variable (each linguistic variable is 
associated with a triangular fuzzy number)   
 



 
Evaluations of weights of each criteria by 

DMs  
 

• We use the aggregated fuzzy number (Kannan et 
al. 2014, Govidan et al. 2013). Then the 
aggregated fuzzy rating R is defined as follows: 





RATING OF ALTERNATIVES 

• Each DM evaluates the performance of each 
alternative by using the linguistic variables: 

 



RATING OF ALTERNATIVES BY DM1 



RATING OF ALTERNATIVES BY DM2 



RATING OF ALTERNATIVES BY DM3 



RATING OF ALTERNATIVES BY DM4 



TOPSIS METHOD 

•  One of the classical methods for solving a Multi Attribute 
Decision Making (MADM) problem in the class of Multi 
Criteria Decision Making (MCDM) is the TOPSIS 
method (Hwang and Yoon 1981).  

•  The main idea is defining positive and negative ideal 
solutions and consequently to compute the distance of 
each alternatives from the ideal solutions in order to 
determine the rankings of alternatives.  

•  The positive ideal solution (PIS) maximizes all the 
benefit criteria (minimizes all the cost criteria) and gives 
the ideal optimal alternative. The negative ideal solution 
(NIS) minimizes all the benefit criteria (maximizes all 
the cost criteria) and provides the ideal worst solution.  



STEP 1: 
• Compute the aggregated decision matrix with 

aggregated weights: 



STEP 1: 
• Compute the aggregated decision matrix with 

aggregated weights: 



STEP 1: 
• Compute the aggregated decision matrix with 

aggregated weights: 



STEP 2: 



WEIGHTED NORMALIZED DECISION 
MATRIX 



WEIGHTED NORMALIZED DECISION 
MATRIX 



WEIGHTED NORMALIZED DECISION 
MATRIX 



STEPS 3 -4: 
•  Calculate the positive ideal solution A+ and negative 

ideal solution A- as: 
 
 

 

•  Compute the distance between each alternative (in 
the weighted normalized decision matrix V) and the 
positive and negative ideal solutions A+ and A- that 
are indicated, respectively, with di

+ and  di
+. 



STEP 5 
•  In order to compute a closeness coefficient Ci for 

the alternative i with respect to the ideal 
solutions we consider the following equation:  



FINAL RANKING 



SENSITIVITY ANALYSIS 



CONCLUSIONS 
•  The alternative A4 (Centuries-old Olive Orchard + 

De-pitting) appears the best in absolute. 
•  A4 is on the first place in the environmental and 

social ranking, while, as for the economic one it is at 
ninth position. 

•  On the contrary, as concerning economic aspects, 
the positive judgment SHDO is common. 

•  The DMs show a certain degree of agreement, 
especially as far as the very good opinion about the 
de-pitting extraction system.  



CONCLUSIONS 
•  The evaluation of innovations in the olives farming 

system is a complex and interesting feature. 
•  Through a multi-criteria analysis technique we were able 

to produce a complete ranking of the single alternatives. 
•  The Multi Criteria approach seems to be an efficient tool 

for the Decision maker in order to assess different 
scenarios by taking into due account multiple aspects 
and not only the economic ones. 

•  The sensitivity analysis is an additional tool in order to 
understand deeply how the single criterion and/or the 
single decision maker can affect the final result.  


